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Introduction
Incidence and mortality risk of VTE in the general population are rare. The risk ratio of VTE in the general population is not precisely known and was estimated to be between 1-3 in 1000 per year (1;2). Recently, incidence and mortality of a first venous thrombosis was estimated in a general population of Norway (3). The incidence rate for all first venous thrombosis was 1.43 per 1000 person-years (95% CI: 1.33-1.54), for deep vein thrombosis it was 0.93 per 1000 person-years (95% CI: 0.85-1.02) and for pulmonary embolism it was 0.50 per 1000 person-years (95% CI: 0.44-0.56).The incidence rates increased markedly with age and were slightly higher in women than in men. The 30-day case-fatality was higher in patients with pulmonary embolism compared to those with deep vein thrombosis (9.7% vs. 4 .6%, risk ratio 2.1 (95% CI: 1.2-3.7). It was much higher in patients with cancer compared to patients without (19.1% vs. 3.6%, risk ratio 3.8 (95% CI 1.6-9.2)). The risk of dying was highest in the first months subsequent to the venous thrombosis.
Known risk factors of thromboembolism are surgery, immobilization, the use of oral anticonceptives, and the presence of specific gene mutations in factor V Leiden and in the prothombine gene. More recently also lipid abnormalities have been suggested to contribute to the development of VTE Elevated triglyceride levels were associated with a doubling of risk of venous thrombosis in postmenopausal women, whereas elevated HDL cholesterol levels were associated with a decreased risk (4) .
VTE and cancer
Thromboembolism is a well-recognized complication of malignant disease with a spectrum of clinical manifestations varying from venous thromboembolism (VTE) and Trousseau's syndrome to disseminated intravascular coagulation (5) . The link between activation of the blood coagulation system and malignancy dates back to 1865 (6). Thereafter venous thrombosis has been reported to be a common complication in patients with malignancy (7;8), but although lung cancer is the second most common cancer in western countries and the leading cause of cancer death in men and women (9) strikingly few papers on the phenomenon of VTE in lung cancer patients are found and data on mortality due to VTE are limited.
Utilizing a Medicare database, Levitan et al found that the incidence of VTE is high among cancer patients, and lung cancer belonged to the group of malignancies with the highest incidence rates (10). More recently, the overall risk of venous thrombosis was found binnenwerk_m_tesselaar.indd 73 25-1-2008 8:10:34 to be 7-fold increased in patients with a malignancy versus persons without malignancy (11). Patients with haematological malignancies had the highest risk of venous thrombosis followed by lung cancer. The risk of venous thrombosis was highest in the first few months after the diagnosis of malignancy and in the presence of distant metastases. Cancer patients who were carriers of the factor V Leiden and prothrombin 20210A mutations, known risk factors to develop venous thrombosis, appeared to have an even higher risk (11).
Risk of VTE in different histological types of lung cancer and stages of the disease
Although lung cancer incidence has increased during the last decades and Non Small Cell Lung Cancer (NSCLC) accounts for approximately 80% of all lung tumours, few reports exist on the incidence of VTE in NSCLC. For small cell lung cancer (SCLC), which accounts for up to one-fifth of all lung cancers, even less reports exist on the risk of VTE.
The association between VTE and lung cancer has been reported more than twenty years ago (12;13) . Recently, Blom et al. (14) investigated the thrombotic risk in 537 NSCLC patients and observed that the risk of VTE was 20-fold higher than in the general population (standardized morbidity ratio (SMR): 20.0 (14.6-27.4). Patients with adenocarcinoma of the lung had a 3-fold higher risk (incidence: 66.7 per 1000 years) than patients squamous cell carcinoma of the lung (incidence: 21.2 per 1000 years).
In adeno-and squamous carcinoma together, they observed 39 events of VTE over 879 years of follow-up for an overall incidence of VTE of 44.4 per 1000 person-years. During chemotherapy or radiotherapy and in the presence of metastases the risk of VTE was even higher (14).
In the past, autopsy and retrospective studies had already indicated that various adenocarcinomas are most strongly associated with VTE (15;16) and this has led to the widespread belief that mucin-producing adenocarcinomas are indeed the most often tumours associated with VTE. The findings of Blom et al. (14) seem to support the notion that specific properties of adenocarcinomas are indeed responsible the observed increased thrombosis in adenocarcinoma patients.
According to data reported in abstract form at the American Thoracic Society common malignancies during a 6-year period. Cases were linked to a hospital discharge database to identify incident VTE events within 1 year before the cancer diagnosis date.
Among 528,693 cancer cases, the incidence of preceding VTE was increased over that expected in the year preceding the diagnosis of cancer, but in particular only during the 4-month period immediately preceding the cancer diagnosis date (P < .001). Almost all of these unexpected VTE cases were associated with a diagnosis of metastatic-stage cancer with a standardized incidence ratio (SIR) of 2.3 (95% confidence interval, 2.0-2.6; P < .001). Only 7 cancer types were associated with a significantly elevated SIR: acute myelogenous leukaemia, non-Hodgkin lymphoma; and renal cell, ovarian, pancreatic, stomach, and lung cancer (SIR, range, 1.8-4.2).
Pathogenesis of cancer-related thrombosis
The development of VTE in cancer patients seems to be a multifactorial event involving several mechanisms, including inflammation due to necrosis or release of acute phase reactants and haemodynamic disorder, such as stasis. Tumour-specific mechanisms may result in down-regulation of anticoagulant and an up-regulation of procoagulant proteins, which might contribute to the general hypercoagulable condition of cancer patients (19).
Cancer cells themselves may produce a number of procoagulant substances including tissue factor (TF), the initiator of the clotting cascade as for instance reported by Yu et al. (20) .
Few studies have attempted to correlate the haemostatic abnormalities in cancer patients with the clinical event of VTE, but so far -with the exception of a small study by Falanga et al. (21) , in which preoperative thrombin-antithrombin complex levels correlated with the risk of postoperative VTE in cancer patients-no significant difference in clotting factor profile has been found to distinguish cancer patients who did develop VTE from those who did not. Importantly, to our knowledge extensive studies of hypercoagulability in malignancy have not successfully demonstrated a specific coagulation abnormality in cancer patients which predicts for development of VTE. Tumour cells from a lymph node stained intensely for TF. Microvesicles derived from patient plasma were found to express TF, and these cell-derived MP may have been shed by the cancer cells.
VTE and surgery in lung cancer patients
Cancer patients undergoing surgery have at least twice the risk of postoperative deep venous thrombosis and were known to have a more than 3-fold increased risk of fatal pulmonary embolism than non-cancer patients undergoing similar procedures (28).
Interestingly, mortality due to VTE has been reported to occur predominantly in patients In a more recent published study of Mason et al. (34) the incidence of postoperative VTE after pneumectomy for malignancies was higher (7.4 %) as compared to that reported in older literature with a peak incidence within 7 days after the operation. Most patients had already been discharged from the hospital. Higher pack-years of smoking were associated with increased risk, as well as with earlier occurrence of VTE. Patients with VTE had a poor survival compared to patients who did not and this was valid for upperas well as for lower extremities thrombosis. The difference in survival persisted after censoring for deaths directly attributable to venous thromboembolism. Based on these findings, VTE is a frequent event after pneumonectomy, and improved prophylaxis in high risk patients may prevent morbidity and mortality after pneumonectomy for lung malignancy and improve the poor survival outcome in these patients. In SCLC high response rates are achieved by chemotherapy, but long-term outcome is still poor due to the majority of patients relapsing. This has resulted in the exploration of a number of new agents and novel strategies for the treatment of small-cell lung cancer, but with little benefit for the patient thus far. Thus, since the use of anti-angiogenic agents is associated with a marked increase in thromboembolic events, the clinician should be alert to the occurrence of such vascular complications. However, since some of these compounds may be associated with bleeding as well as with VTE, preventive measures are not easy to implement.
Another factor that nowadays may increase the risk of VTE in lung cancer patients is the recommended use of eythropoietin which has been shown to improve anaemia in cancer patients undergoing chemotherapy. Various trials reported the increased risk of thrombotic events following the use of eythropoietin indicating that the widespread use of eythropoietin should be cautioned
In conclusion
Lung cancer patients are at increased risk for VTE, and the life expectancy of a cancer patient with thrombosis is poor compared to a cancer patient without VTE. This supports the hypothesis that a local or systemic hypercoagulability state confers a growth advantage to tumour cells, while characteristics of individual patients' tumour cells may at the same time determine the tendency to develop thrombotic events. Risk factors for VTE are adenocarcinoma, NSCLC in comparison to SCLC, pneumonectomy, distant metastases and chemotherapy either alone or in combination with novel anti-angiogenic targeted drugs.
Abnormal coagulation profiles do not correlate with the development of thrombosis and are thus not useful to determine. The mechanism by which cancer predispose to thrombosis is still a challenging subject for research and a matter of controversies among researchers. One newly recognized mechanism by which cancer leads to thrombosis is microparticle-associated active tissue factor, which may be derived from various cells of the body, including the tumour cells themselves. 
